Introduction
============

Breast conserving surgery (BCS) and whole breast radiation (WBR) for women with early-stage breast cancer has been shown to be an equivalent alternative to mastectomy for local control and survival. Although breast conservation therapy (BCT) provides minimal long-term complications, favorable cosmetic outcomes and improved psychological well-being, not all women who are eligible are actually treated with BCT \[[@b1-roj-2016-01963],[@b2-roj-2016-01963]\]. Furthermore, 15%--30% of patients treated with BCS do not receive adjuvant radiotherapy \[[@b3-roj-2016-01963],[@b4-roj-2016-01963]\]. The underutilization of WBR has been associated with the length and frequency of treatment, which is 5 days a week for 6--7 weeks. This prolonged duration presents obstacles particularly for elderly patients and those who reside long distance from treatment facilities. Recently, accelerated partial breast radiation (APBR) was proposed as an alternative to WBR for patients with early stage breast cancer as it reduces treatment time.

The rationale for irradiating only a partial breast volume originates from studies reporting that 44%--86% of ipsilateral breast tumor recurrences (IBTR) develop at or near the tumor bed \[[@b5-roj-2016-01963],[@b6-roj-2016-01963]\]. Therefore, it has been hypothesized that irradiating a smaller breast volume may be as efficacious as WBR, and, if less tissue is radiated, a shorter course of irradiation may potentially be offered using larger fraction sizes. However the larger daily doses may result in increased side effect and treating only part of the breast tissue in higher recurrent rate.

Several techniques for APBR have been reported including multicatheter brachytherapy \[[@b7-roj-2016-01963]\], MammoSite brachytherapy \[[@b8-roj-2016-01963]\] and external beam radiation therapy (EBRT) with 3-dimensional conformal radiation therapy (3D-CRT) which is the most commonly used method in the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-39/RTOG 0413 trial or intensity-modulated radiation therapy (IMRT) \[[@b9-roj-2016-01963],[@b10-roj-2016-01963]\]. External beam approach with 3D-CRT offers superior dose homogeneity compared to invasive techniques; however, the disadvantage of 3D-CRT is irradiation of a larger volume of the ipsilateral breast, as well as more dose to heart, and lung tissue \[[@b11-roj-2016-01963]\]. The currently published studies on APBR are bid fractionation for a week. For patients who travel long distances for therapy a bid schedule is difficult. Therefore we tested a daily fractionation scheme for a total of 10 fractions 5 days a weak using IMRT. IMRT improves conformal dose coverage by using inverse planning algorithms to deliver an optimal dose to the target volume \[[@b12-roj-2016-01963]\] and provides better normal tissue sparing compared to 3D-CRT \[[@b13-roj-2016-01963],[@b14-roj-2016-01963]\]. It allows control of the dose in the untreated part of the breast which is important if retreatment is necessary at the time of a recurrence. There are only a limited number of studies using IMRT.

In this phase I/II single arm study, we evaluated the feasibility and toxicity of APBR delivered using IMRT to the lumpectomy cavity of postmenopausal patients with stage I breast cancer in an accelerated daily fractionation schedule.

Materials and Methods
=====================

1. Study population
-------------------

Forty-two patients with stage I breast cancer were enrolled in an Institutional Review Board approved phase I/II feasibility study at the University of Vermont Medical Center between June 2006 and May 2013. The study was conducted in accordance with the principles of the Declaration of Helsinki and all patients provided written informed consent.

Eligibility criteria included: (1) female patient with invasive ductal carcinoma (IDC) American Joint Committee on Cancer (AJCC) stage I, post-partial mastectomy and axillary node dissection or sentinel lymph node biopsy; (2) age ≥65 years; (3) visible lumpectomy cavity on planning computed tomography (CT); (4) ability to begin radiation treatment 3--8 weeks post-surgery, unless receiving chemotherapy first; and (5) if chemotherapy was planned, radiation treatment would start 3--5 weeks after completion of chemotherapy. Patients were not eligible if there was lymphovascular invasion or if the surgical margins were positive. Hormonal therapy was allowed; however, it was preferable to begin hormonal therapy after completion of radiotherapy.

2. Simulation and treatment technique
-------------------------------------

A CT simulations was performed with the patient lying supine with both arms raised above the head on a breast board with Vac-Lok immobilization (CIVCO Radiotherapy, Orange City, IA, USA). Based on the planning CT scan, the lumpectomy cavity was outlined by the treating radiation oncologist. Both breasts, both lungs, and the heart were also contoured either by a dosimetrist or the treating physician. The clinical target volume (CTV) was defined as the excision cavity + 1.0 cm (5 mm from skin surface and from pectoralis muscle). The planning target volume (PTV) was a 0.5 cm expansion around the CTV. The final PTV was modified to exclude the first 5 mm of tissue from the skin surface and the portion extending into the lung.

IMRT was used for treatment planning using Pinnacle planning system (Philips Medical System, Cleveland, OH, USA). Planning guidelines were to cover the PTV with at least 95% isodose line. Normal tissue guidelines were such that (1) for the remainder of the breast excluding the PTV \<50% of the volume was to receive ≥50% of the dose and \<25% to receive the prescription dose; (2) the contralateral breast to receive \<3% of the prescribed dose; (3) \<15% of the ipsilateral lung to receive 30% of the prescribed dose and \<10% of the contralateral lung to receive 5% the dose; (4) depending on the laterality, \<40% of the heart to receive 5% of the prescribed dose; and (5) for left sided breast cancer an \<5% of the heart to receive ≥5% of dose. Ten fractions of 4 Gy were delivered once daily 5 days a week for a total dose of 40 Gy. A representative plan is shown in [Fig. 1](#f1-roj-2016-01963){ref-type="fig"}.

The patients were seen weekly while on treatment and for additional 4 weeks by the treating radiation oncologist. Subsequent radiation oncology follow ups were at 6 months, 1 year and yearly after for 5 years.

3. Toxicity assessment
----------------------

RTOG/EORTC toxicity grading was used in this study. Patient reported acute toxicities included those that occurred during radiotherapy and up to 4 weeks after completion of treatment. Infection and healing problems were also recorded. Chronic toxicities and cosmetic outcomes were evaluated by both the treating physician and the patients at 6 months and yearly after for 5 years. Patients were asked to describe late toxicities using a four-point scale (0, none; 1, slight; 2, moderate; 3, noticeable). Treating physicians graded toxicities also using a similar scale (0, none; 1, mild; 2, moderate; 3, severe). The first cosmetic assessment was done at baseline prior to the start of radiation therapy. The overall cosmetic assessment was done using a modified Harvard criteria for cosmesis \[[@b15-roj-2016-01963]\] where a score of 9 or 10 (excellent) was given if the treated breast looks exactly the same as the opposite breast, 7--8 (good) minimal but identifiable effects of radiation; 4--6 (fair) significant effects of radiation on the breast; 1--3 (poor) severe normal tissue sequelae.

4. Statistical analysis
-----------------------

Statistical analyses were performed with the SPSS statistical software ver. 17.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were compiled to characterize the patient populations. Toxicities and cosmesis were compared across the variables of interest using either chi-squared tests or ANOVA. Significance was assessed at 0.05.

Results
=======

1. Patient characteristics
--------------------------

Forty-two patients were enrolled in this study from June 2006 to May 2013, however one patient withdraw from the study and another patient was determined to be not eligible. The patient characteristics for the enrolled 40 patients are shown in [Table 1](#t1-roj-2016-01963){ref-type="table"}. Twenty-one patients (52.5%) presented with a right-sided tumor and 19 (47.5%) with a left-sided tumor. All patients had negative margins. Majority of the tumors (90%) were grade 1 and 2. All of the patients underwent axillary evaluation. The majority of the tumors were estrogen receptor (ER) and progesterone receptor (PR) positive. Adjuvant chemotherapy was not utilized in any patients. Adjuvant hormonal therapy was given at the discretion of treating medical oncologist.

2. Treatment related toxicities
-------------------------------

Patient reported acute toxicities are shown in [Table 2](#t2-roj-2016-01963){ref-type="table"}. Erythema and skin pigmentation was the most common adverse event, reported by 27 patients (69%). Breast edema and subcutaneous toxicities consisting of skin thickening and hardening were reported by 24 patients (61.5%) and 20 patients (51%), respectively. Dry desquamation was reported by 3 patients (7.7%). Majority of the patients reported mild pain, rating 1--4 out of 10, during treatment. While 3 patients (7.5%) reported grade ≥5 pain, 11 patients (27.5%) experienced no pain. No treatment related respiratory symptoms were reported. No infection or wound dehiscence were seen.

Patient and physician-reported late toxicities are shown in [Table 3](#t3-roj-2016-01963){ref-type="table"}. Toxicity occurring at the 6 months follow up or later are included. Nine patients (23%) reported changes in pigmentation and dry desquamation, 3 patients (8%) late breast edema. Both were substantially lower than at baseline. Physicians assessed more women with late changes in pigmentation 16 (43%) and breast edema 11 (30%). Compared to baseline only telangiectasias were reported more frequently. The proportion of women reporting breast edema was low, however majority had contour defect.

Most toxicities were grades 1 and 2. Grade 3 edema, subcutaneous toxicity and moderate/severe contour defect were reported by 1 patient (3%), 4 (10%), 5 (13%), respectively. More physicians than patients reported skin pigmentation changes, breast edema, and subcutaneous toxicity. Majority of the women had some volume loss compared to contralateral breast but none reported clothing restrictions.

The prospectively gathered treatment-related pain reported by the patients on a scale of 1--10 is shown in [Table 4](#t4-roj-2016-01963){ref-type="table"}. And 67%--85% of the patients were free of breast or nipple pain and 86%--100% of the patients had no chest wall or axilla pain at the various follow-up times. Grade 1--4 breast or nipple pain was experienced by 8 patients (27%) in the first year after completing radiation therapy; however, this improved by the last follow up to only 2 patients (15%) reporting this level of pain. Grade ≥5 pain in the breast or nipple was reported by 2 patients and by one patient in the chest wall and axilla. No grade ≥5 pain was reported during the last follow up visits.

Overall, 87%--93% of patients scored their overall cosmetic result as 'excellent' or 'good' ([Fig. 2](#f2-roj-2016-01963){ref-type="fig"}). Similarly, treating physicians rated 86%--100% of patients' cosmesis as 'excellent' or 'good.' While physicians did not report any 'poor' outcomes, 3%--6% of the patients rated their cosmetic outcome as 'poor.' There was not deterioration in the overall cosmetic score with increase follow-up time.

3. Outcomes
-----------

The median follow-up time at the time of this analysis was 54 months. The 5-year locoregional control rate was 97.5%. One patient with BRCA2 mutation had a recurrence in the same quadrant 20 months after radiation. Her disease was initially stage pT1bpN0 poorly differentiated IDC, ER/PR positive, and HER-2 negative and the recurrence of disease was stage pT1bpN0 moderately differentiated IDC, triple negative, which was treated with bilateral total mastectomy. The 5-year overall survival rate was 90%. During the follow-up time period, 4 patients (10%) died of non-breast cancer related causes without evidence of local recurrence.

Discussion and Conclusion
=========================

In this study, we have shown the feasibility, safety, and clinical outcomes of delivering APBR using IMRT. APBR is more convenient in comparison to whole breast irradiation (WBI) for women undergoing BCS, therefore a growing number of facilities offer this new treatment approach. However, as the results of ongoing randomized clinical trials are not available, the long-term disease control, treatment related toxicity, cosmetic outcome, treatment schedule, and APBR delivery techniques remain controversial. In this prospective trial with a 54-month median follow-up, we demonstrate excellent tumor control with acceptable toxicity and cosmetic results. The unique aspects of our study include the elderly nature of our patients and daily fractionation scheme. The daily fractionation schedule logistically is easier for patients particularly elderly and if there is long distance travel involved.

Various APBR delivery techniques have been described in the past decade, including a small number of studies using IMRT \[[@b16-roj-2016-01963],[@b17-roj-2016-01963]\]. These reports mostly used a bid schedule. Although the popularity of APBR with breast cancer has increased and new delivery techniques have emerged, a limited number of studies actually justify the chosen radiation dose schedule. In our study, we applied a daily fractionation scheme consisting of a total of 10 fractions 5 days a week using IMRT. Computation of biological equivalent dose (BED) can be used to quantify the expected biological effect associated with the treatment of a large fraction dose in a short period and compare these anticipated biological effects with commonly used WBR protocols. Similar to prior reports, we used the α/β value of 4 Gy to determine the tumor control BED and the α/β value of 2 and 10 Gy for the toxicities \[[@b18-roj-2016-01963]\]. The tumor control BED value in our study was 80 Gy, which was in the range of BED values (72--99 Gy) from different standard WBR protocols. Calculated toxicity BED values in our study were lower than the standard WBR protocols for α/β of 10 and slightly higher for α/β of 2. These observations and previous reports guided us in determining the use of dose/fractionation schedule in our study.

The most common acute toxicity in our study was erythema and skin pigmentation (69%) similar to previously reported studies in which 50% of patients with stage I/II breast cancer treated with APBR using IMRT, 38.5 Gy in 10 fractions BID, developed erythema and 33% had hyperpigmentation \[[@b16-roj-2016-01963]\]. In our cohort, breast edema was reported by 61% of the patients as an acute toxicity. However, during long term follow-up, only 8% of patients reported having breast edema. While physician reported higher rates of late breast edema (30%), this was still comparable to other studies of APBR using EBRT that report breast edema in 12%--29% of patients \[[@b16-roj-2016-01963],[@b17-roj-2016-01963],[@b19-roj-2016-01963],[@b20-roj-2016-01963]\]. In our cohort, highest grade subcutaneous toxicity occurred in 51% of patients as an acute toxicity. However, during the long term follow-up only 33% of the patients reported having subcutaneous toxicity. Late subcutaneous toxicities reported by patients and treating physicians in our study were similar to previous studies using APBR using IMRT \[[@b10-roj-2016-01963],[@b16-roj-2016-01963]\] and 3D-CRT \[[@b19-roj-2016-01963]\]. The overall proportion of late toxicities reported by patients with the exception of telangiectasia was lower than at baseline and also lower than physician reported late toxicities. It has been previously observed that physicians can be more critical in assessing cosmesis compared to patients.

At the time of treatment, 65% of patients reported mild pain; however, this improved with time. Patient reported breast pain was modestly more prevalent at 1 year (27%). This rate of mild breast pain is similar to the proportion reported in a trial of WBR (24%) \[[@b21-roj-2016-01963]\] and also in patients treated with APBR using 3D-CRT (26%) \[[@b22-roj-2016-01963]\]. In our study, only 15% of patients reported mild pain at their 5-year follow up appointment, however 41% of patients treated with APBI using 3D-CRT reported pain at their 5 year appointment \[[@b19-roj-2016-01963]\]. Furthermore, Lei et al. \[[@b17-roj-2016-01963]\] reported that 26.3% of patients treated with APBI with IMRT, 38.5 Gy in 10 fraction BID, had pain at last follow-up. The lower proportion of pain during the follow-up period is most likely due to the dose fractionation scheme used in our study.

Cosmetic outcomes were evaluated by both treating physicians and patients in order to avoid observation bias. Over the follow-up period, 87%--93% of patients and 86%--100% of physicians scored the overall cosmesis as excellent or good. Twenty-one percent of patients treated with APBR using IMRT, 38.5 Gy in 3.85 Gy fractions twice daily, at the University of Michigan developed unacceptable adverse cosmesis, leading to early closure of the trial \[[@b23-roj-2016-01963]\]. Excellent or good cosmesis was reported in 73%--82% of patients treated with APBR using 3D-CRT with various fractionation schedule \[[@b19-roj-2016-01963],[@b22-roj-2016-01963],[@b24-roj-2016-01963],[@b25-roj-2016-01963]\].

We can conclude that the fractionation scheme used in our study did not compromise cosmesis or outcomes. During the follow-up period there was a single patient with a recurrence in the same quadrant as the initial breast cancer. There were no axillary or systemic recurrences or breast cancer related deaths.

In conclusions, APBR is an evolving standard of care and the debate over the clinical role of different APBR delivery techniques will likely remain unresolved until large randomized clinical trials are designed to compare them. Nevertheless, equivalent survival outcomes and favorable toxicity profiles in our study support the use of APBR with IMRT with a daily 2 weeks schedule as a promising treatment option for elderly patients with early stage breast cancer.
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![An example of (A) axial view of planning computed tomography image and (B) dose volume histogram for accelerated partial breast radiation. PTV, planning target volume; Ips., ipsilateral; Norm., normal.](roj-2016-01963f1){#f1-roj-2016-01963}
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###### 

Characteristics of 40 enrolled patients

  Characteristic         Value
  ---------------------- ---------------
  Age (yr)               73 (65-88)
  Histology              
   IDC                   36 (90)
   Other                 4 (10)
  Tumor size (cm)        0.8 (0.3-1.7)
  Margin size (cm)       0.5 (0.06-1)
  No. of nodes sampled   2 (1-13)
  T Stage                
   T1a                   9 (22.5)
   T1b                   19 (47.5)
   T1c                   12 (30)
  Grade                  
   G1                    20 (50)
   G2                    16 (40)
   G3                    4 (10)
  ER status              
   Positive              37 (92.5)
   Negative              3 (7.5)
  PR status              
   Positive              33 (82.5)
   Negative              7 (17.5)

Values are presented as median (range) or number (%).

IDC, invasive ductal carcinoma; ER, estrogen receptor; PR, progesterone receptor.

###### 

Patient reported acute radiation toxicities (n = 39)

  Adverse event            No. of patients with acute toxicity (%)
  ------------------------ -----------------------------------------
  Skin toxicity            
   Erythema/pigmentation   27 (69)
   Dry desquamation        3 (7.7)
  Edema                    24 (61.5)
  Subcutaneous toxicity    20 (51)
  Pain                     
   0                       11 (27.5)
   1-4                     26 (65)
   ≥5                      3 (7.5)

###### 

Patient and physician reported baseline and late toxicities

                                   Baseline    Late^[a)](#tfn1-roj-2016-01963){ref-type="table-fn"}^
  -------------------------------- ----------- -------------------------------------------------------
  Patient reports (n = 39)                     
   Pigmentation/dry desquamation   15 (38.5)   9 (23)
   Breast edema                    18 (46)     3 (8)
   Subcutaneous toxicity           15 (38.5)   13 (33)
   Telangiectasia                  2 (5)       5 (13)
   Contour defect                  24 (61.5)   23 (59)
   Clothing restriction            0 (0)       0 (0)
  Physician reports (n = 37)                   
   Pigmentation                    13 (35)     16 (43)
   Breast edema                    19 (51)     11 (30)
   Subcutaneous toxicity           12 (32)     26 (70)
   Telangiectasia                  3 (8)       7 (19)
   Vdume loss                      17 (46)     31 (84)
   Retraction or contour defect    16 (43)     19 (51)

Values are presented as number (%).

For each patient the worst toxicity was scored.

###### 

Patient reported chronic pain

                      Time of assessment                                                       
  ------------------- -------------------- --------- --------- ---------- ---------- --------- ----------
  Breast/nipple                                                                                
   0                  34 (87)              22 (79)   20 (67)   23 (85)    16 (76)    10 (67)   11 (85)
   1-4                3 (8)                6 (21)    8 (27)    4 (15)     4 (19)     3 (20)    2 (15)
   ≥5                 2 (5)                0 (0)     2 (7)     0 (0)      1 (5)      2 (13)    0 (0)
  Chest wall/axilla                                                                            
   0                  35 (90)              24 (86)   26 (87)   27 (100)   21 (100)   14 (93)   13 (100)
   1-4                4 (10)               4 (14)    3 (10)    0 (0)      0 (0)      0 (0)     0 (0)
   ≥5                 0 (0)                0 (0)     1 (3)     0 (0)      0 (0)      1 (7)     0 (0)

Values are presented as number (%).
